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Abstract
This	 study	aimed	 to	characterize	 the	gene	expression,	 lipid	composition	and	DNA	
methylation	 reprogramming	 during	 in	 vitro	 maturation	 (IVM)	 of	 pig	 oocytes	 with	
different	developmental	competencies.	We	used	prepubertal	gilts	and	cycling	sows	
as	a	model	 to	obtain	oocytes	with	different	 levels	of	 competency.	We	 found	 that	
genes	 involved	 in	 lipid	metabolism,	SLC27A4,	CPT2 and PLIN2,	 and	DNA	methyla‐
tion,	DNMT3A,	TET1 and TET3,	possessed	altered	 transcript	expression	 levels	dur‐
ing	 IVM.	Specifically,	SLC27A4	mRNA	 (p	=	0.05)	 increased	 in	oocytes	 from	cycling	
females,	whereas	CPT2	(p	=	0.05),	PLIN2	(p	=	0.02)	and	DNMT3A	(p	=	0.02)	increased	
in	oocytes	from	prepubertal	females	during	IVM.	Additionally,	TET3	mRNA	increased	
during	IVM	in	oocytes	from	prepubertal	(p	=	0.0005)	and	cycling	females	(p	=	0.02).	
The TET1	transcript	decreased	(p	=	0.05)	during	IVM	in	oocytes	from	cycling	sows.	
Regarding	lipid	composition,	mass	spectrometry	revealed	a	cluster	of	ions,	with	mo‐
lecular	masses	higher	than	m/z	700,	which	comprises	a	group	of	complex	phospho‐
lipids,	was	identified	in	all	groups	of	oocytes,	except	in	those	from	prepubertal	gilts.	
With	respect	to	DNA	methylation	reprogramming,	it	was	noted	that	the	less	compe‐
tent	oocytes	were	not	able	to	reprogramme	the	XIST	gene	during	IVM.	We	conclude	
that	the	maternal	mRNA	store,	lipid	composition	and	epigenetic	reprogramming	are	
still	being	established	during	maturation	and	are	related	to	oocyte	competence.	 In	
addition,	we	propose	that	the	methylation	pattern	of	the	XIST	may	be	used	as	mo‐
lecular	marker	for	oocyte	competence	in	pigs.
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1  | INTRODUC TION
One	of	the	main	factors	responsible	for	the	reduced	rate	of	in	vitro	
embryo	production	is	the	low	quality	or	lack	of	competence	of	im‐
mature	 oocytes	 (Rizos,	 Ward,	 Duffy,	 Boland,	 &	 Lonergan,	 2002;	
Tesfaye	et	al.,	2009;	van	de	Leemput	et	al.,	1999).	Immature	oocytes	
are	usually	aspirated	from	the	follicles	at	different	stages	of	develop‐
ment,	therefore	presenting	different	levels	of	competence.	Besides	
the	follicular	developmental	stage,	the	sexual	maturity	of	the	donor	
female	 also	 has	 a	 significant	 influence	 on	 oocyte	 competence.	 In	
fact,	 studies	 performed	 on	 oocytes	 from	 prepubertal	 females	 of	
several	mammalian	species	showed	reduced	oocyte	quality	and/or	
competence,	which	compromised	preimplantation	embryo	develop‐
ment	(Grupen	et	al.,	2003;	Hao,	Zhang,	Lv,	Shi,	&	Yue,	2013;	Khatir,	
Lonergan,	&	Mermillod,	1998;	Marchal	et	al.,	2001;	Dorji,	Ohkubo,	
Miyoshi,	 &	 Yoshida,	 2012;	 Romaguera	 et	 al.,	 2010,	 2011;	 Sherrer,	
Rathbun,	&	Davis,	2004;	Smith,	Conaway,	&	Kerber,	1978;	Warzych,	
Pawlak,	Pszczola,	Cieslak,	&	Lechniak,	2017).	However,	although	the	
incidence	of	chromosomal	abnormalities	in	oocytes	is	more	frequent	
in	 gilts	 than	 sows	 (Lechniak	 et	 al.,	 2007;	 Pawlak,	 Pers‐Kamczyc,	
Renska,	Kubickova,	&	Lechniak,	2011),	to	our	knowledge,	the	lower	
competence	of	the	prepubertal	oocytes	at	the	cellular	and	molecular	
levels	is	yet	to	be	characterized.
The	use	of	oocytes	from	juvenile	females	has	gained	interest	in	
various	species	in	recent	years.	For	instance,	in	humans,	an	import‐
ant	new	application	for	in	vitro	maturation	(IVM)	is	its	use	in	fertility	
preservation	for	young	women	who	are	diagnosed	with	cancer	and	
who	will	 be	 exposed	 to	 chemotherapy	 and/or	 radiotherapy	 treat‐
ments.	 In	cattle,	breeders	have	attempted	 to	get	younger	 females	
to	reproduce	with	the	aim	of	reducing	the	generation	 interval	and	
accelerating	the	genetic	gain	of	the	population.	In	addition,	prepu‐
bertal	 gilts	 represent	 the	vast	majority	of	oocyte	donors	used	 for	
scientific	experiments,	and	pigs	have	been	widely	used	as	a	model	
for	humans,	especially	as	a	disease	model.	Therefore,	a	better	under‐
standing	of	how	age	affects	oocyte	competence	and	how	oocytes	of	
different	competences	behave	during	maturation	is	needed	to	bring	
crucial	innovations	to	IVM	systems	and	thereby	improve	treatment	
standards.
A	 variety	 of	 studies	 has	 focused	 on	 the	 possible	 differences	
that	can	exist	between	oocytes	with	high	and	low	developmental	
competence.	 Although	 numerous	 authors	 have	 reported	 the	 dif‐
ferences	at	the	cellular	and	molecular	levels	between	oocytes	from	
juvenile	 and	 adult	 females	 (Armstrong,	 2001;	 O'Brien,	 Dwarte,	
Ryan,	 Maxwell,	 &	 Evans,	 2000;	 Romar	 et	 al.,	 2011),	 the	 exact	
causes	of	 these	differences	are	 still	 poorly	understood.	Changes	
in	lipid	metabolism,	the	apoptotic	cascade	and	epigenetic	patterns	
are	some	of	the	factors	that	could	influence	the	acquisition	of	com‐
petence	and	could	possibly	be	different	in	oocytes	obtained	from	
young	females.
Intracellular	lipids	play	an	essential	role	in	oocyte	development	
(Ferguson	&	Leese,	2006;	Sturmey,	Reis,	 Leese,	&	McEvoy,	2009),	
providing	an	endogenous	energy	reservoir,	a	substrate	for	water	pro‐
duction	and	a	precursor	of	 secondary	messengers	 (McEvoy,	Coull,	
Broadbent,	 Hutchinson,	 &	 Speake,	 2000).	 In	 addition,	 membrane	
phospholipids	 regulate	 various	 cellular	 functions	 involving	 calcium	
flux,	 such	 as	 cortical	 granule	 exocytosis	 and	 fertilization	 (McEvoy	
et	al.,	2000).	In	cattle	and	pigs,	it	has	been	demonstrated	that	lipid	
stocks	decrease	during	meiotic	progression	in	oocytes,	and	this	pro‐
cess	coincides	with	an	increase	in	lipolysis	(Cetica,	Pintos,	Dalvit,	&	
Beconi,	 2003).	 These	 findings	 suggest	 that	 triglycerides	 provide	 a	
rich	energy	supplement	for	the	oocyte	during	maturation	and	sus‐
tain	the	growing	embryo	in	the	preimplantation	period	(Ferguson	&	
Leese,	2006).	 It	 is	 also	 important	 to	note	 the	essential	 role	of	 cu‐
mulus	cells	in	protecting	the	oocyte	against	elevated	free	fatty	acid	
concentrations	in	the	final	phase	of	folliculogenesis	(Aardema	et	al.,	
2013).	Previous	study	has	shown	that	the	transcriptome	of	oocytes	
derived	 from	 prepubertal	 female	 pigs	 is	 significantly	 different	 in	
comparison	with	that	derived	from	cyclic	females	(Paczkowski,	Silva,	
Schoolcraft,	&	Krisher,	2013).	These	authors	noted	that	prepubertal	
oocytes	showed	a	lower	expression	of	genes	related	to	metabolism	
and	the	regulation	of	biological	processes	(Paczkowski	et	al.,	2011).	
Furthermore,	more	apoptotic	oocytes	were	observed	before	IVM	in	
prepubertal	 gilts	 than	 in	 cyclic	 gilts	 (Pawlak,	Warzych,	Hryciuk,	&	
Lechniak,	2015).	Previous	study	has	found	that	various	stimuli,	such	
as	the	accumulation	of	reactive	oxygen	species	 (ROS),	may	lead	to	
oocyte	apoptosis	 (Tiwari	 et	 al.,	 2015).	Therefore,	 the	 reduced	oo‐
cyte	 competence	 and	 low	 embryonic	 development	 derived	 from	
prepubertal	female	oocytes	may	be	associated	with	their	ability	to	
respond	to	stress.
Epigenetic	reprogramming	refers	to	the	removal	and	remodel‐
ling	of	epigenetic	marks	on	the	genome,	which	largely	occur	during	
gametogenesis	 and	 initial	 embryogenesis	 (Reik,	 Dean,	 &	Walter,	
2001).	In	mammals,	DNA	methylation	is	the	major	epigenetic	mark	
responsible	for	coordinating	epigenetic	inheritance	between	gen‐
erations	 (Tchurikov,	 2005).	 DNA	methylation	 predominantly	 oc‐
curs	at	cytosines	in	CpG	dinucleotides	and	is	incorporated	by	DNA	
methyltransferases	 (DNMTs).	While	 the	process	of	DNA	methyl‐
ation	 is	 relatively	well	 known,	 the	 demethylation	 process	 is	 still	
poorly	 understood.	 Research	 has	 shown	 that	 demethylation	 is	
extremely	important	for	primordial	germ	cell	formation	and	early	
embryonic	 development;	 however,	 the	 activity	 of	 demethylases	
remains	 enigmatic	 and	 controversial	 (Iqbal,	 Jin,	 Pfeifer,	&	Szabó,	
2011).
Using	oocytes	 from	prepubertal	 gilts	 and	cycling	 sows	and	a	
set	of	genes	related	to	key	physiological	functions	during	oogen‐
esis,	we	tested	the	hypotheses	that	oocytes	with	different	com‐
petences	 have	 different	 gene	 expression	 and	molecular	 profiles	
during IVM.
2  | MATERIAL S AND METHODS
Experiments	were	performed	in	accordance	with	the	Brazilian	Law	
for	Animal	Protection	and	were	approved	by	the	Ethics	Committee	
in	 Animal	 Use	 at	 EMBRAPA	 (Brazilian	 Agricultural	 Research	
Corporation)	Genetic	Resources	and	Biotechnology.
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2.1 | Chemicals and reagents
Unless	otherwise	indicated,	the	chemicals	and	reagents	used	to	pre‐
pare	IVM	media	were	purchased	from	Sigma.
2.2 | Oocyte recovery and IVM
Prepubertal	 (gilts)	 and	 cycling	 (sows)	 pig	 ovaries	 were	 collected	
and	transported	to	the	laboratory	in	a	saline	solution	at	30–35°C.	
To	 ensure	 that	 only	 ovaries	 from	 cycling	 females	were	 collected	
from	the	sow	group,	we	only	used	pairs	of	ovaries	that	had	at	least	
one	corpus	luteum	or	albicans.	Cumulus–oocyte	complexes	(COCs)	
were	 aspirated	 from	 the	 antral	 follicles	 of	 2–6	 mm	 with	 an	 18‐
gauge	needle	into	a	disposable	5‐ml	syringe.	COCs	were	selected	
under	 a	 stereomicroscope,	 and	only	 those	with	homogenous	 cy‐
toplasm	 and	 with	 more	 than	 three	 compact	 layers	 of	 cumulus	
oophorus	cells	were	used.	After	selection,	COCs	were	divided	into	
four	 experimental	 groups:	 (a)	 prepubertal	 immature	 oocytes,	 (b)	
prepubertal	in	vitro	matured	oocytes,	(c)	cycling	immature	oocytes	
and	 (d)	cycling	 in	vitro	matured	oocytes.	 IVM	was	performed	ac‐
cording	 to	 the	 protocol	 described	 by	 2007).	 Briefly,	 COCs	were	
matured	in	vitro	for	44	hr	in	TCM199,	supplemented	with	3.05	mM	
glucose,	0.91	mM	sodium	pyruvate,	50	IU/ml	gentamycin,	0.57	mM	
cysteine,	 10%	 (v/v)	 porcine	 follicular	 fluid	 (from	 cycling	 sows),	
10	ng/ml	EGF	and	hormones	for	the	first	22	hr	(10	UI/ml	eCG	and	
10	UI/ml	hCG)	at	38°C,	5%	CO2	(v/v),	in	air.	To	select	the	oocytes	
that	would	be	used	in	subsequent	experiments,	we	used,	as	crite‐
ria,	 those	 oocytes	 that	 extruded	 their	 first	 polar	 body.	 Both	 im‐
mature	and	in	vitro	matured	oocytes	from	prepubertal	and	cycling	
females	were	denuded	by	 repeated	pipetting	 and	 then	 frozen	 at	
−80°C	 with	 RNAlater	 (Applied	 Biosystems)	 for	 gene	 expression	
analyses	or	with	a	PBS	solution	without	calcium	and	magnesium	to	
determine	the	profile	of	low‐molecular‐weight	components	(lipids)	
and	DNA	methylation	patterns.
2.3 | RNA isolation and cDNA synthesis
Five	pools	of	55	oocytes	 for	 each	experimental	 group	were	used.	
Total	RNA	was	isolated	using	the	RNeasy	Plus	Micro	Kit	(Qiagen®),	
according	to	the	manufacturer's	instructions.	Complementary	DNA	
synthesis	 was	 performed	 as	 described	 in	 deOliveira	 Leme	 et	 al.	
(2016).
2.4 | qPCR
Real‐time	 PCR	 was	 performed	 in	 a	 7500	 Fast	 Real‐Time	 PCR	
System	 (Applied	 Biosystems),	 using	 the	 Fast	 SYBR	 Green	Master	
Mix	(Applied	Biosystems).	There	were	five	biological	replicates	and	
three	 technical	 replicates.	 Primer	 efficiencies	 were	 between	 90%	
and	100%.	The	specificity	of	each	amplicon	was	determined	by	their	
melting	curve	and	the	amplicon	size	in	an	agarose	gel.	Each	PCR	was	
run	in	a	final	volume	of	25	μl	with	the	cDNA	equivalent	to	one	oo‐
cyte.	Cycling	conditions	were	95°C	for	5	min,	followed	by	50	cycles	
of	denaturation	at	95°C	for	15	s	and	then	annealing	and	extension	at	
60°C	for	1	min.	Gene	nomenclature,	primer	sequences	and	amplicon	
sizes	for	each	gene	are	listed	in	Table	1.	mRNA	levels	were	normal‐
ized	using	the	geometric	average	of	the	endogenous	genes	β‐actin	
and GAPDH,	and	relative	quantification	was	calculated	by	the	ΔΔCt	
method	with	efficiency	correction	(Pfaffl,	2001).
2.5 | MALDI‐TOF mass spectrometry
Four	pools	 of	15	oocytes	 for	 each	experimental	 group	were	used	
to	 perform	 lipid	 profile	 analyses.	 Oocytes	 stored	 in	 PBS	 without	
calcium	and	magnesium	were	washed	 five	 times	 in	drops	contain‐
ing	1:1	methanol	and	ultrapure	water	(v/v)	and	arranged	onto	spots	
on	a	MALDI	target	plate.	Before	analyses,	1	μl	of	2,5‐dihydroxyben‐
zoic	acid	(0.125	M	DHB)	solubilized	in	pure	methanol	was	deposited	
onto	each	target	spot	to	cover	the	oocytes	and	allow	crystallization.	
TA B L E  1  Gene	nomenclature,	primer	sequences	and	amplicon	
size	of	each	gene	used	for	gene	expression	in	qPCR
Gene Primer sequence 5′–3′
Amplicon 
size (bp)
BCL2L1 (F)	AGACAAGGAGATGCAGGTATTG 142
(R)	CTCAGCTGCTGCATTGTTTC
BAK (F)	ATGACATCAACCGGCGATAC 125
(R)	GTTGATGCCACTCTCGAACA
BAX (F)	AGTAACATGGAGCTGCAGAG 151
(R)	GCACCAGTTTACTGGCAAAG
CASP3 (F)	CAGTTGAGGCAGACTTCTTGTA 161
(R)	TCGGTTAACCCGAGTAAGAATG
SLC27A4 (F)	TCTCCCTTCTGTTCCTCTAC 182
(R)	GGTGGCAGCGAATAAGAT
SLC22A5 (F)	CACAGGGAGTTGGATTTCTC 154
(R)	ACTTTCCCGTACCCTCTATC
CPT2 (F)	CCTCTGGATATGTCCCAGTAT 164
(R)	CTCACAATCTTCCCGTCTTG
PLIN2 (F)	CACAGAACATCCACGATCAG 228
(R)	ACTCGGTCAGTTGAGGATAA
DNMT3A (F)	TGATCGACGCCAAAGAAG 181
(R)	GAGTTCGACCTCGTAGTAATG
TET1 (F)	CTCTCCGAAGTACCTCTCTT 145
(R)	GAGTGCTTTACTCCCATGTC
TET2 (F)	CAGCCCAGGTTCAGAAATAG 151
(R)	CCATCTCATGAGCGGAATAAG
TET3 (F)	CCTCAACCAACCTCTCTTTC 154
(R)	CAGAACCTTGATAGCACCTC
β‐actin (F)	GACCACCTTCAACTCGATCAT 124
(R)	GATCTCCTTCTGCATCCTGTC
GAPDH (F)	GTCTGGAGAAACCTGCCAAATA 152
(R)	CCCAGCATCAAAGGTAGAAGAG
Abbreviations:	F:	forward;	R:	reverse.
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Samples	were	then	dried	at	room	temperature.	MALDI‐TOF	spectra	
were	acquired	 in	positive‐reflector	mode	using	an	AutoFlex	Speed	
MALDI‐TOF/TOF	mass	spectrometer	(Bruker	Daltonics).	Data	were	
acquired	 at	 a	mass	 range	 of	m/z	 500	 to	 −1,000,	with	 1,500	 laser	
shots	 in	different	areas	of	each	spot.	The	laser	shots	were	applied	
to	a	given	spot	area	until	all	signals	disappeared	due	to	desorption	of	
the	crystallized	biological	sample.	The	same	laser	intensity	was	set	
to	acquire	spectra	for	all	samples.	Representative	spectra	were	used	
for	comparison	purposes.	In	addition,	the	possible	similarities	among	
the	 experimental	 groups	were	 evaluated	 by	 a	 standardized	 global	
spectrum	 (MSP)	 [maldi biotyper	 3.0	 software	 (Bruker	 Daltonics)].	
From	all	 the	MSPs	of	 the	experimental	groups,	a	dendrogram	was	
generated	following	standard	procedures	through	the	establishment	
of	Euclidean	distances.
2.6 | DNA isolation and sodium bisulphite treatment
Genomic	DNA	was	isolated	from	two	pools	of	60	oocytes	from	each	
experimental	group	as	described	in	Mendonça	et	al.	(2015).
Genomic	DNA	from	the	sperm	of	eight	mature	males	was	used	
as	 the	 control	 for	 our	methylation	 analyses.	 Sperm	DNA	was	 ob‐
tained	using	a	salting	out	procedure	as	described	in	Carvalho	et	al.	
(2012).	After	DNA	 isolation,	 two	pools	 containing	DNA	 from	 four	
animals	each	were	used.	DNA	samples	from	oocytes	and	sperm	were	
treated	with	 sodium	bisulphite	using	 the	EZ	DNA	Methylation	Kit	
(Zymo	 Research),	 according	 to	 the	manufacturer's	 protocol.	 After	
bisulphite	treatment,	DNA	samples	were	stored	at	−80°C	until	PCR	
amplification.
2.7 | PCR amplification, cloning and 
bisulphite sequencing
Two	genomic	 regions	were	chosen	 for	our	analysis	of	methylation	
patterns,	ICR/H19	and	the	DMR	of	the	X‐inactive	specific	transcript	
(XIST)	gene.	The	primer	sequences	for	ICR/H19 and XIST,	GenBank	
accession	number,	CpG	island	position	and	amplicon	size	are	shown	
in	Table	2.	Two	rounds	of	amplification	for	ICR/H19 and XIST were 
performed.	PCR	components	were	as	follows:	1×	Taq	buffer,	1.0	mM	
or	 1.5	 mM	 MgCl2	 for	 the	 first	 and	 second	 rounds,	 respectively,	
0.4	mM	dNTPs,	1	U	Platinum®	Taq	polymerase	(Invitrogen),	0.5	μM 
of	each	primer	(forward	and	reverse)	and	3	μl	of	bisulphite‐treated	
DNA	for	the	first	round	and	0.5	μl	of	amplicon	for	the	second	round,	
in	a	final	volume	of	20	μl.	Cycling	conditions	are	shown	in	Table	3.	
Amplicons	were	purified	using	the	Wizard®	SV	Gel	and	PCR	Clean‐
Up	 System	 (Promega)	 according	 to	 the	 manufacturer's	 protocol.	
They	were	subsequently	cloned	into	the	TOPO	TA	Cloning®	vector	
(Invitrogen)	and	transferred	into	DH5α	cells	using	a	heat‐shock	pro‐
tocol.	Plasmid	DNA	was	isolated	using	a	miniprep	protocol	described	
in	Sambrook	and	Russell	 (2001).	 Individual	clones	were	sequenced	
and	analysed	as	described	by	Silveira	et	al.	(2018)	.	DNA	sequences	
were	compared	with	GenBank	KC753464.1	for	XIST	and	AY044827	
for	ICR/H19.
2.8 | Statistical analysis
Comparison	 of	 oocyte	 retrieval	 and	 maturation	 rates	 between	
prepubertal	 gilts	 and	 cycling	 sows	 was	 performed	 using	 the	
TA B L E  2  Gene	identification,	primer	sequences,	GenBank	accession	number,	primer	positions,	CpG	island	position	and	amplicon	size
Gene Primer sequences (5′→3′)
GenBank 
accession
Primer 
positions
CpG island 
position
Amplicon 
size (bp)
Number of 
CpG sites
XIST F:	AGTTATATTATGGGTGTTTTTGTTTTAG
R:	AAATTCAACCCATATAACCTAAAATTCAAC
KC753464.1 1266–1867 Exon	1 601  
XIST F:	AGGGATAATATGGTTGATTTTGTTATGTG
R:	AAATTCAACCCATATAACCTAAAATTCAAC
KC753464.1 1419–1867 Exon	1 448 17
ICR/H19* F:	AGGAGATTAGGTTTAGGGGAAT
R:	CTACCACTCCCCTCATACCTAA
AY044827 31640–32113 DMR1	ICR/H19 473  
ICR/H19* F:	AGTGTTTGGGGATTTTTTTTTT
R:	CACCCCATCCCCTAAATAACCCTC
AY044827 31727–31987 DMR1	ICR/H19 260 29
Abbreviations:	(F)	forward;	(R)	reverse;	(bp)	base	pair;	(ICR)	imprinting	control	region;	(DMR1)	differently	methylated	region	1.
*Park	et	al.	(2009).	
TA B L E  3  Nested	PCR	conditions	for	the	ICR/H19	and	XIST	gene
Gene Reaction Initial denaturing
Cycles (45 cycles for the 1ª reaction and 30–45 cycles for 
the 2ª reaction)
Final extensionDenaturing Annealing Extension
XIST 1ª 94°C;	4	min 94°C;	40	s 52°C;	1	min 72°C;	1	min 72°C;	15	min
2ª 94°C;	4	min 94°C;	40	s 58°C;	1	min 72°C;	1	min 72°C;	15	min
ICR/H19 1ª 94°C;	4	min 94°C;	40	s 54°C;	1	min 72°C;	1	min 72°C;	15	min
2ª 94°C;	4	min 94°C;	40	s 58°C;	1	min 72°C;	1	min 72°C;	15	min
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chi‐square	test.	Comparisons	of	gene	expression	and	DNA	meth‐
ylation	 status	 among	prepubertal	 immature,	prepubertal	 in	 vitro	
matured,	 cycling	 immature	 and	 cycling	 in	 vitro	matured	oocytes	
were	 performed	 using	 the	 analysis	 of	 variance	 and	 Tukey's	 test	
or	Kruskal–Wallis	and	Mann–Whitney	tests	for	normally	and	non‐
normally	distributed	data,	respectively.	Data	acquired	by	MALDI‐
TOF	mass	spectrometry	were	qualitatively	analysed	according	to	
the	differences	observed	among	the	spectra	from	the	experimen‐
tal	groups	or	evaluated	through	the	generation	of	a	dendrogram.	
All	statistical	analyses	were	performed	using	the	prophet	program	
(version	5.0;	1997)	or	the	action	version	2.9	(Estatcamp,	2014)	and	
graphpad prism	version	7.00	(GraphPad	Software,	www.graph	pad.
com).
3  | RESULTS
3.1 | Oocyte recovery and IVM
Cycling	females	showed	a	higher	number	of	oocytes	recovered	per	
ovary	(p	<	0.001)	and	a	higher	maturation	rate	(p	<	0.001)	than	the	
prepubertal	females	(Table	4).
3.2 | Gene expression in prepubertal and 
cycling donors
When	 immature	 and	 in	 vitro	 matured	 oocytes	 from	 prepubertal	
and	cycling	donors	were	compared,	no	differences	were	found	with	
respect	 to	gene	expression.	However,	 the	analyses	 comparing	 the	
mRNA	levels	of	genes	before	and	after	IVM,	within	the	same	group	
of	 animals	 (prepubertal	 gilts	 or	 cycling	 sows),	 showed	 that	mRNA	
levels	had	changed	for	six	of	the	twelve	studied	genes.	The	mRNA	
levels	of	genes	such	as	SLC27A4	 (p	=	0.05),	 a	gene	 related	 to	 lipid	
metabolism,	and	TET3	(p	=	0.02),	which	is	related	to	methylation	re‐
programming,	increased	during	IVM	in	oocytes	from	cycling	females	
(Figures	1,	2,	and	3).	Alternatively,	the	levels	of	the	CPT2	(p	=	0.05)	
and PLIN2	(p	=	0.02)	genes	involved	in	lipid	metabolism	and	DNMT3A 
(p	=	0.02)	involved	in	methylation	reprogramming	increased	during	
IVM	 only	 in	 oocytes	 from	 prepubertal	 females	 (Figures	 2	 and	 3).	
TET3	was	the	only	gene	that	presented	a	similar	behaviour	for	both	
groups	of	oocytes,	since	 its	transcript	abundance	increased	during	
IVM	in	oocytes	from	prepubertal	 (p	=	0.0005)	and	cycling	females	
(p	=	0.02;	Figure	3).	Among	all	analysed	genes,	TET1	(p	=	0.05)	was	
the	only	gene	whose	transcript	decreased	during	 IVM,	but	only	 in	
oocytes	 from	 cycling	 sows	 (Figure	 3).	 Taken	 together,	 six	 (CPT2,	
PLIN2,	 SLC27A4,	DNMT3A,	 TET3 and TET1)	 of	 the	 twelve	 studied	
genes	had	their	expression	profile	changed	during	 IVM	(Figures	1,	
2,	and	3).
3.3 | Lipid profile
Analyses	 of	 the	 low‐molecular‐mass	 ion	 profiles	 were	 carried	 out	
using	MALDI‐TOF	mass	 spectrometry.	According	 to	 the	 compara‐
tive	dendrogram,	a	similar	molecular	profile	for	the	in	vitro	matured	
oocytes	from	prepubertal	and	cycling	females	was	found	(Figure	4).	
When	 the	 spectra	were	 qualitatively	 analysed	 by	 the	 selection	 of	
positive	ions,	the	same	similarity	was	observed	(Figure	5).	A	cluster	
of	ions	with	molecular	masses	higher	than	m/z	700,	which	comprises	
a	group	of	complex	phospholipids,	was	 identified	when	evaluating	
in	vitro	matured	oocytes	from	both	prepubertal	and	cycling	females	
(Figure	5).	 This	 profile	was	not	present	 in	 immature	oocytes	 from	
both	groups	of	animals	(Figure	5).
3.4 | DNA methylation
For ICR/H19,	 the	 methylation	 percentages	 were	 36.15	 ±	 8.6%,	
30.14	 ±	 7.2%,	 17.35	 ±	 6.7%,	 19.96	 ±	 6.9%	 and	 94.3	 ±	 1.04%	 for	
prepubertal	 immature	 oocytes,	 cycling	 immature	 oocytes,	 prepu‐
bertal	 in	 vitro	matured	 oocytes,	 cycling	 in	 vitro	matured	 oocytes	
and	 sperm,	 respectively.	No	 differences	were	 found	 among	 these	
groups;	 however,	 in	 vitro	matured	oocytes	 from	both	prepubertal	
and	cycling	females	were	hypomethylated	as	compared	to	DNA	from	
sperm	(p	=	0.0001)	(Figure	6).
With	 respect	 to	 XIST,	 the	 methylation	 percentages	 were	
17.29	±	5.8%,	48.81	±	9,6%,	0.28	±	0,2%,	82.35%	and	0.42	±	0.42%	
for	prepubertal	 immature	oocytes,	cycling	 immature	oocytes,	pre‐
pubertal	in	vitro	matured	oocytes,	cycling	in	vitro	matured	oocytes	
and	sperm,	respectively.	Prepubertal	immature	oocytes	were	more	
methylated	than	prepubertal	in	vitro	matured	oocytes	(p	=	0.0342)	
and	less	methylated	than	the	cycling	immature	oocytes	(p	=	0.0305),	
whereas	the	prepubertal	in	vitro	matured	oocytes	were	less	meth‐
ylated	 than	 the	 cycling	 in	 vitro	 matured	 oocytes	 (p	 =	 0.0001).	
Moreover,	cycling	 in	vitro	matured	oocytes	were	hypermethylated	
compared	to	the	sperm	DNA	that	was	hypomethylated	(p	=	0.0001)	
(Figure	6).
4  | DISCUSSION
A	variety	of	studies	has	shown	that	the	sexual	maturity	of	the	oocyte	
donor	influences	embryonic	development	and	the	rate	of	blastocyst	
TA B L E  4  Oocyte	recovery	and	nuclear	maturation	rates	of	oocytes	from	prepubertal	gilts	and	cycling	sows
 Ovary number Oocyte number Oocyte/ovary recovery IVM Matured
Maturation 
rate (%)
Prepubertal 1,101 1,427 1.29a 783 596 76.12a
Cycling 742 1,883 2.53b 972 909 93.52b
a,bStatistically	significant	differences	between	groups	(p	<	0.001).	
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development.	However,	the	reasons	for	the	limited	competence	of	
oocytes	 obtained	 from	 young	 females	 are	 not	 yet	 clear.	 In	 an	 at‐
tempt	 to	understand	 the	 reduced	quality	of	oocytes	derived	 from	
prepubertal	gilts,	we	compared	the	maturation	rate,	the	expression	
of	several	genes,	the	lipid	profiles	and	DNA	methylation	reprogram‐
ming	using	oocytes	from	donors	with	different	ages	and	reproduc‐
tive	statuses.
As	expected,	when	we	investigated	oocyte	recovery	and	nuclear	
maturation	 rates,	 we	 found	 that	 cycling	 females	 showed	 a	 higher	
number	of	oocytes	recovered	per	ovary	and	a	higher	maturation	rate	
compared	to	prepubertal	females	(Table	4).	These	results	confirmed	
that	 the	 sexual	 maturity	 of	 the	 donor	 had	 a	 significant	 influence	
on	 oocyte	 competence	 and	 availability,	 validating	 the	model	 used	
in	 this	 study.	 The	 supplementation	 of	 IVM	medium	with	 follicular	
fluid	 influences	the	quality	of	the	oocyte	obtained	from	prepuber‐
tal	 females	 (Pawlak	et	al.,	2018).	 In	 this	 study,	despite	 the	supple‐
mentation	of	IVM	medium	with	follicular	fluid	from	cycling	sows,	we	
observed	differences	in	the	dynamics	of	gene	expression,	the	lipid	
profiles	and	DNA	methylation	reprogramming	in	oocytes	from	pre‐
pubertal	gilts	compared	to	those	from	cycling	sows.
Although	no	differences	were	found	with	respect	to	gene	expres‐
sion	when	 immature	and	 in	vitro	matured	oocytes	 from	prepuber‐
tal	and	cycling	donors	were	compared,	the	dynamics	of	expression	
during	IVM	were	different	for	some	of	the	genes	studied	between	
these	two	groups	of	oocytes.
Considering	that	apoptosis	is	an	essential	physiological	process	
during	early	embryo	development,	we	hypothesized	that	this	path‐
way	could	be	involved	in	the	higher	competence	of	cycling	oocytes	
in	pigs.	However,	our	gene	expression	analysis	suggests	that	apopto‐
sis	does	not	seem	to	be	affected	by	the	age	of	the	donor.
Another	 pathway	 that	 can	 affect	 oocyte	 quality	 and	 has	 been	
gaining	much	attention	lately	is	lipid	metabolism.	Our	data	showed	
that	 the	 expression	 patterns	 of	 the	 SLC27A4,	 CPT2 and PLIN2 
genes	 changed	 during	 maturation	 (Figure	 2).	 While	 mRNA	 levels	
of	SLC27A4	 increased	during	IVM	of	oocytes	from	cycling	animals,	
CTP2 and PLIN	increased	only	in	oocytes	from	prepubertal	animals.	
The SLC27A4	gene	encodes	a	fatty	acid	transporter	protein	4,	which	
facilitates	the	indirect	absorption	of	fatty	acids,	mediating	its	esteri‐
fication	(Xu,	Xiong,	Lei,	Li,	&	Zuo,	2008).	Furthermore,	it	is	expressed	
in	various	tissues	and	is	cited	as	one	of	the	largest	importers	of	di‐
etary	 fatty	 acids	 (Wu,	Su,	Qian,	&	Guo,	2015).	Oocytes	 from	pigs	
are	known	to	be	the	richest	in	lipids	among	oocytes	from	domestic	
animals	(McEvoy	et	al.,	2000);	therefore,	it	is	very	likely	that	these	
oocytes	are	able	to	accumulate	lipids	during	maturation.	We	hypoth‐
esized	 that	 the	 increase	 in	 the	mRNA	 levels	of	SLC27A4 in cycling 
in	vitro	matured	oocytes	 is	due	to	the	need	for	further	changes	in	
F I G U R E  1  Relative	abundance	of	mRNA	encoding	the	apoptotic	genes	BAK, BAX, BCL2L1 and CASP3,	as	determined	by	RT‐qPCR	in	
immature	and	in	vitro	matured	oocytes	from	prepubertal	and	cycling	female	pigs.	Data	are	represented	as	the	means	±	standard	error	of	the	
mean	(Can,	Semiz,	&	Cinar,	2003)	of	five	biological	replicates.	The	data	(mean	±	SEM)	were	normalized	using	the	formula	ΔΔCt	(Pfaffl,	2001),	
with	the	geometric	mean	of	β‐actin	and	GAPDH	as	the	endogenous	controls
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cytoplasmic	lipid	stocks	to	support	normal	early	embryonic	develop‐
ment.	In	contrast,	oocytes	from	prepubertal	females	have	not	com‐
pleted	 the	necessary	 lipid	accumulation,	and	 therefore,	 to	achieve	
the	same	level	of	storage	as	the	cycling	oocytes	during	maturation,	
the	oocytes	increased	the	mRNA	levels	of	CPT2 and PLIN2.	CTP2	is	
one	of	 the	enzymes	 that	 participate	 in	 the	mitochondrial	β‐oxida‐
tion	process	(Grevengoed,	Klett,	&	Coleman,	2014),	which	requires	
the	mitochondria	to	import	acyl‐CoA.	Given	that	the	mitochondrial	
membrane	 is	 impermeable	 to	 acyl‐CoA,	 the	 carnitine	 cycle	 is	 re‐
quired	for	this	transfer.	Our	data	showed	an	increase	in	CPT2	mRNA,	
suggesting	 that	 during	 maturation,	 oocytes	 increase	 their	 energy	
production	capacity	by	β‐oxidation.	This	energy	will	 then	be	used	
after	fertilization	to	facilitate	proper	early	embryonic	development.
Similarly,	PLIN2	was	also	differentially	expressed	in	in	vitro	ma‐
tured	 oocytes	 from	 prepubertal	 gilts.	 PLIN2	 is	 known	 to	 prevent	
lipid	degradation	and	promote	lipid	accumulation	in	several	cell	lines	
(Sastre	et	al.,	2014;	Yang	et	al.,	2010).	Moreover,	in	oocytes,	PLIN2	
binds	to	proteins	that	are	important	components	in	the	formation	of	
cytoplasmic	 lipid	droplets	 (Russell	 et	 al.,	 2011).	Thus,	 the	 increase	
in PLIN2	 expression	 after	 the	 IVM	 process	 suggests	 that	 triacyl‐
glyceride	stocks	in	pig	oocytes	from	young	females	are	not	sufficient	
and	may	 be	 related	 to	 oocyte	 competence	 for	 development.	 This	
hypothesis	was	confirmed	by	 the	 results	obtained	by	MALDI‐TOF	
mass	 spectrometry	 on	 the	 profiles	 of	 low‐molecular‐weight	 ions.	
Analysis	of	 the	mass	 spectra	 indicated	 that	 there	was	an	 increase	
in	the	relative	abundance	of	low‐molecular‐mass	compounds	within	
the	mass	range	from	m/z	800	to	1,000	in	both	prepubertal	and	cy‐
cling	oocytes	after	IVM	(Figures	4	and	5).	This	mass	range	potentially	
represents	complex	phospholipids	(Pirro	et	al.,	2014).	In	addition,	it	
is	clear	that	in	terms	of	lipid	content,	immature	oocytes	from	prepu‐
bertal	gilts	were	more	deficient	than	oocytes	from	the	other	groups.	
These	 results	were	 confirmed	when	 the	 spectra	 for	oocytes	 from	
prepubertal	and	cycling	animals	before	maturation	were	evaluated	
and	 compared,	 and	 a	 very	 different	 profile	 was	 noted	 in	 the	m/z 
700–900	range.	In	all	groups,	the	major	relative	abundance	of	low‐
molecular‐mass	 components	 occurred	 in	 the	m/z	 500–700	 range,	
which	typically	characterizes	fatty	acid	dimers	such	as	phospholipids	
and	diacylglycerols	(Pirro	et	al.,	2014).	These	results	suggest	that	the	
IVM	process	causes	significant	lipid	modifications	(or	other	low‐mo‐
lecular‐mass	components)	 in	both	groups	of	animals,	 regardless	of	
their	sexual	maturity	 (Figure	4).	Therefore,	our	mass	spectrometry	
results,	which	 show	 that	 immature	oocytes	 from	prepubertal	 gilts	
possess	the	most	significant	differences	in	lipid	content	among	the	
oocytes	analysed,	are	in	agreement	with	our	gene	expression	anal‐
ysis,	in	which	only	prepubertal	oocytes	showed	increases	in	the	ex‐
pression	of	genes	related	to	lipid	accumulation.	Taken	together,	this	
F I G U R E  2  Relative	abundance	of	mRNA	encoding	the	lipidic	metabolism	genes	CPT2, PLIN2, SLC27A4 and SLC22A5,	as	determined	
by	RT‐qPCR	in	immature	and	in	vitro	matured	oocytes	from	prepubertal	and	cycling	female	pigs.	Data	are	means	±	standard	error	of	the	
mean	(Can	et	al.,	2003)	of	five	biological	replicates.	The	data	(mean	±	SEM)	were	normalized	using	the	formula	ΔΔCt	(Pfaffl,	2001),	with	the	
geometric	mean	of	β‐actin	and	GAPDH	as	the	endogenous	controls
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suggests	that	lipid	metabolism	and	storage	has	an	important	role	in	
the	acquisition	of	developmental	competence.
DNA	 methylation,	 established	 through	 DNMT	 enzymes,	 is	 an	
epigenetic	 mechanism	 that	 plays	 a	 crucial	 role	 in	 the	 control	 of	
genes	during	oogenesis	and	early	embryonic	development	 (Reik	&	
Dean,	2001).	DNMT3A	expression	has	been	previously	identified	in	
mouse,	cow,	cat	and	monkey	oocytes	(20011;	Kaneda	et	al.,	2004;	
O'doherty,	O'Shea,	&	Fair,	2012;	Vassena,	Dee	Schramm,	&	Latham,	
F I G U R E  3  Relative	abundance	of	mRNA	encoding	the	epigenetic	reprogramming	genes	DNMT3A,	TET1,	TET2 and TET3,	as	determined	
by	RT‐qPCR	in	immature	and	in	vitro	matured	oocytes	from	prepubertal	and	cycling	female	pigs.	Data	are	means	±	standard	error	of	the	
mean	(Can	et	al.,	2003)	of	five	biological	replicates.	The	data	(mean	±	SEM)	were	normalized	using	the	formula	ΔΔCt	(Pfaffl,	2001),	with	the	
geometric	mean	of	β‐actin	and	GAPDH	as	the	endogenous	controls
F I G U R E  4  Dendrogram	showing	the	similarities	in	the	lipid	profiles	of	the	four	experimental	groups	(immature	and	in	vitro	matured	
oocytes	from	prepubertal	gilts	and	cycling	sows)	based	on	the	Euclidean	distance	of	their	low‐molecular‐mass	compounds
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2005),	and	here,	we	detected	DNMT3A	mRNA	 in	 immature	and	 in	
vitro	 matured	 oocytes	 from	 prepubertal	 and	 cycling	 female	 pigs.	
Moreover,	a	significant	difference	in	DNMT3A	mRNA	expression	in	
prepubertal	 pigs	was	 observed,	with	 lower	 levels	 of	mRNA	 being	
detected	 in	 immature	 as	 compared	 to	 in	 vitro	 matured	 oocytes	
(Figure	3).	In	the	Rhesus	monkey,	DNMT3A	is	transcribed	throughout	
oogenesis,	 but	 the	 levels	 of	 expression	 increase	 significantly	 from	
the	germinal	vesicle	to	metaphase	II	(MII)	(Vassena	et	al.,	2005).	In	
addition,	according	to	Morovič	et	al.	 (2015),	matured	oocytes	con‐
tain	a	sufficient	amount	of	molecular	 factors	 related	to	epigenetic	
mechanisms	 required	 to	 initiate	 embryogenesis.	 Taken	 together,	
these	results	support	our	findings,	where	DNMT3A	was	accumulated	
in	the	matured	oocytes.
Ten	 eleven	 translocation	 (TET)	 enzymes	 are	 related	 to	 the	
DNA	demethylation	process	and,	consequently,	to	gene	regulation	
(Hackett	et	al.,	2013).	We	detected	all	of	 the	TET	mRNA	 isoforms	
in	 immature	 and	 in	 vitro	 matured	 oocytes	 from	 prepubertal	 gilts	
and	cycling	sows.	These	results	corroborate	the	findings	of	Teson,	
Lee,	Spate,	and	Prather	 (2012)	and	Lee	et	al.	 (2014),	who	also	ob‐
served	the	expression	of	these	genes	in	pig	oocytes.	However,	the	
data	reported	by	those	authors	did	not	show	differences	in	expres‐
sion	 between	 the	 different	 stages	 of	 oocyte	 development,	 which	
were	 observed	 in	 our	 study.	 According	 to	 2014),	 TET1,	 TET2 and 
TET3	 transcripts	 are	 differentially	 expressed	 in	 matured	 oocytes,	
one‐cell	embryos	and	other	cell	types	and	tissues.	 In	mice,	the	ex‐
pression	of	Tet1 and Tet2	is	very	low	in	oocytes	and	zygotes	(Gu	et	
al.,	2011;	Iqbal	et	al.,	2011).	In	contrast,	Tet3	 is	highly	expressed	in	
mice;	however,	its	expression	dramatically	falls	during	cleavage	(Gu	
et	al.,	2011;	Iqbal	et	al.,	2011).	This	seems	to	be	consistent	with	our	
results,	which	showed	a	significant	increase	in	TET3	during	matura‐
tion	for	both	groups	of	animals	 (Figure	3).	Xu	et	al.	 (2011)	showed	
that	maternal	TET3	is	a	key	enzyme	that	catalyses	5mC	to	5hmC	in	
the	paternal	genome	during	zygote	development.	This	finding	may	
justify	 the	 increase	 in	mRNA	 levels	 that	we	 found	here.	 Inversely,	
we	found	higher	mRNA	levels	of	TET1	in	immature	oocytes	as	com‐
pared	to	in	vitro	matured	oocytes	from	cycling	sows	(Figure	3).	This	
expression	profile	may	suggest	 that	during	maturation,	a	DNA	de‐
methylation	process	starts	up	in	the	oocyte	genome.	Sakashita	et	al.	
(2014)	reported	the	presence	of	5hmC	in	the	oocyte	genome	during	
maturation.	 Taken	 together,	 these	 results	 suggest	 that	 TET	 enzy‐
matic	activity	(from	at	 least	one	of	the	isoforms)	exists	 in	oocytes.	
Thus,	we	may	speculate	that	an	increase	in	TET1	protein	production	
occurs	with	a	decrease	in	mRNA	levels.	As	a	consequence,	an	initial	
conversion	of	 5mC	 to	5hmC	 in	oocytes	 probably	 occurs,	which	 is	
required	for	normal	early	embryonic	development.
These	differences	in	the	expression	profile	of	enzymes	related	to	
DNA	methylation	reprogramming	between	prepubertal	and	cycling	
females	are	in	agreement	with	our	results	related	to	the	DNA	meth‐
ylation	profile	at	the	XIST	locus.	The	correct	epigenetic	reprogram‐
ming	of	imprinted	genes	is	essential	for	normal	embryo	development	
(Amoako,	Nafee,	&	Ola,	2017;	Reik	et	al.,	2001).	 In	 this	 sense,	 the	
IGF2/H19	locus,	which	is	related	to	embryo	development,	placenta‐
tion	and	foetal	growth,	is	frequently	used	as	a	model	to	study	epi‐
genetic	reprogramming	in	mammals.	Its	pattern	is	well	established	as	
hypermethylated	and	hypomethylated	at	the	paternal	and	maternal	
alleles,	respectively	(Gebert	et	al.,	2006;	Lewis	&	Reik,	2006;	Park,	
F I G U R E  5  Representative	spectra	obtained	by	MALDI‐TOF	mass	spectrometry	in	positive‐reflector	mode	within	m/z	500–1,000.	(a)	
Immature	oocytes	from	prepubertal	gilts;	(b)	in	vitro	matured	oocytes	from	prepubertal	gilts;	(c)	immature	oocytes	from	cycling	sows;	and	(d)	
in	vitro	matured	oocytes	from	cycling	sows
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Kim,	Lee,	&	Lee,	2009).	Despite	we	showed	that	there	were	no	epi‐
genetic	differences	among	 the	groups	of	oocytes	 for	 the	 ICR/H19 
locus	(Figure	6),	we	found	that	less	competent	oocytes	were	not	able	
to	 correctly	 reprogramme	 its	differently	methylated	 region	 (DMR)	
for	the	XIST	locus.	This	DMR	is	normally	hypermethylated	and	hy‐
pomethylated	in	oocytes	and	spermatozoa,	respectively	(Mendonça,	
2017;	Mendonça	 et	 al.,	 2019;	 Zuccotti	 &	Monk,	 1995).	 Immature	
oocytes	from	both	prepubertal	and	cycling	females	showed	differ‐
ences	in	their	methylation	patterns.	 Importantly,	MII	oocytes	from	
prepubertal	 gilts	 exhibited	 a	 hypomethylated	 pattern,	 which	 was	
different	from	the	expected	hypermethylated	pattern	as	shown	by	
the	most	competent	MII	oocytes	from	the	cycling	sows	(Figure	6).
These	 results	suggest	 that	 these	 less	competent	oocytes	were	
unable	to	attain	de	novo	methylation,	which	may	be	related	to	the	
differences	 in	 the	expression	of	 the	methylation	machinery	 found	
in	 this	 study	 (Figure	 3).	 Moreover,	 these	 results	 suggest	 that	 the	
methylation	 profile	 of	 the	 XIST	 DMR	 may	 be	 related	 to	 oocyte	
competence.	This	hypomethylated	pattern	of	the	MII	oocytes	from	
prepubertal	gilts,	which	may	disturb	XIST	expression,	could	 impair	
normal	embryo	development.	This	is	because	XIST	has	a	pivotal	role	
in	the	initiation	of	X	chromosome	inactivation	in	early	embryogen‐
esis	in	mammals	(Augui,	Nora,	&	Heard,	2011;	John	&	Surani,	1996;	
Mohandas,	Sparkes,	&	Shapiro,	1981;	Wijchers	&	Festenstein,	2011).
The	present	study	showed	that	the	maternal	mRNA	store	(mater‐
nal	inheritance),	the	lipid	composition	profile	and	the	DNA	methyla‐
tion	reprogramming	of	the	oocyte,	which	are	essential	to	oogenesis	
and	 early	 embryo	 development,	 are	 still	 being	 established	 during	
maturation.	Specifically,	we	showed	that	the	less	competent	oocytes	
showed	a	different	dynamics	of	regulation	for	the	SLC27A4,	CTP2	
and	PLIN2	genes	compared	to	the	more	competent	oocytes	during	
IVM.	This	behaviour	may	be	related	to	the	failure	of	the	less	compe‐
tent	oocytes	to	establish	adequate	lipid	storage.	Our	results	showed	
that	 in	 terms	of	 lipid	content,	 immature	oocytes	 from	prepubertal	
gilts	were	more	deficient	than	oocytes	from	the	other	groups.	In	ad‐
dition,	oocytes	from	prepubertal	gilts	were	not	able	to	reprogramme	
the	DNA	methylation	 profile	 of	 the	XIST	DMR,	which	may	 impair	
embryo	development.	Thus,	our	study	suggests	that	the	methylation	
pattern	of	the	XIST	DMR	may	be	used	as	molecular	marker	for	oo‐
cyte	competence	in	pigs.
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